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WIND PRomER OBSERVATIONS WITHIN CALIFORNIA'S SAN JOAQUIN VALLEY
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James M. Wilczak, Roben J. Zamora and D.vid C. Welsh
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1. l},'TRODUcnON

During the summer of 1990. m anay of seven 915
MHz lower tropospheric wind profilers was deployed 111

central California IS pan of the San Joaquin Valley Air
Qualiry Study (SIVAQS). The array consisted of 5 profLIe~

deployed in the southern portion of the San Joaquin Valley (at
ModeSto. E1 Nido, Raisin City, Reedley md Corcoran). with
an approximate horizontal spacing of 50 km (Fig. I). In
addition. two profl1ers (Hollister. Canizo) we~ deployed 1TI

the higher elevations of California's coastal mountain r&J1ge
The profl1ers were operared in twO simwta.neous modes: • low
resolution mode, consisting of I 400 In pulse width sampled
every 200 m, and a high resolution 60 In pulse width sampled
every 60 m. These provided winds from I minimum heIght
of 150 m AGL to -4 len AGL. Additional details on the
radar wind profilers can be found in Ecklund et al .. 1988

During the summer months. flow in the lower
troposphere in southem California is only weakly forced ~)

transient synoptic features. Instead, I quasi-starlonary
synoptic regime is present that is strongly influenced by a
climarological surface high p~ssure over the north PacUic.
resulting in large-scale northwest surface winds. Similarly.
ridging over the intermountain and midwest States ~sults 1TI

a southerly to southwesterly flow .t 700 mb. The
predominant flow features during these months are
topographically forced responses to this large-scale flow. and
local circulations resulting from surface diabatic processes.
Principal features of the topography in this area (Fig. I) are
10 the east the Sierra Nevada mountain range. with an average
height of -3000 m MSL; the San Joaquin Valley, I flat,
northwest·southeast oriented valley, more than 500 Icm 1TI

length; and to the weSt. the Coast Range. which has &J1
average height of -1000 m MSL. Strong channeling of
marine air into the San Joaquin Valley often occurs in the San
Francisco Bay area. whe~ a break in the Coast lUnge exists

The diurnally varying mean flow for the month of
August. 1990 is characterized at each profiler site through 24
h composites of time-height wind profiles. These composlles
reveal several distinct boundary layer feanues, including a
pronounced nocturnal low-level jet. I topographically forced
mesoscale vortex. md Strong diurnal oscill.tions II each
profller site. Spectra of the profileT data demonstrate a
frequency dependence consistent with both stratified two
dimensional nubulence and with • saturated gravity-wave
specuum.

2. ENSEMBLE DIURNAL WINDS

Averaged diurnal time-height cross-sections of the

60

Fig. I Topopqhic IIUI.p of CflllTal Cali/o,.,., with tl contOllr
llllU'Fal 0/300 "'. stIt11iJJg til 100 '" MSL. PriacipaJ !,.mm tv,
,11, COIISI Rtml' IUU1 SU",tl N,,,1Idil mtJIlIlllliJaS, b,ttII"n which
Ii,s til, SGII JOtlfllill Vall".

profller winds It Modesto (see Fig. 1) are shown in Fig. 2a
for the month of AuguSt. 1990. Notable features are the
dominance of northweSterly winds in the lowest several
U1omelers. resulting in part from the channeling effec:1 of the
mountain ranges on either side of the San Joaquin Valley.
During the nighttime hours a low-level jet ronns with wind
speeds reaching. maximum of 9.3 m S·l at a height of 350 m
MSL. During the mid-day hours wind speeds in the lowest
20 Ion reach. minimum, and become more westerly in
d1rection. nus zone of weSterly flow tends to persiSt longer
11 Iugher elevations. with the northwesterly flow reforming
fU'St near ground level. 'Throughout the diurnal cycle the
winds above the westerlies and northwesterlies bad to
southerly in I thin transition layer. The interface between
these two distinct wind regimes has • very pronounced diurnal
variation. with the low level nonhwesterlies deepeSt at
midnight (-3.0 kIn MSL) md shallowest near noon (-1.5 kIn
MSL). We interpret the formation of the mid-day low-level
weSterlies and the descent of the interface to the presence of
surface heating on the slopes of the Sierras. nus results in a
weSterly flow that is drawn towards the Sierras. and
subsequent subsidence over the valley.
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feature (Blumenthal et al., 1985). with limited extent along the
foothills to the nonhwest and southeast of Reedley. Al
Reedley we also note that the interface between nonherly and
southerly flow only descends to -2.0 kID MSL at noon (as It

Corcoran). and that the low·level nocturnal jet remains strong.
with a maximum speed of 9.2 m S·1 at 22 PDT. The westerly
daytime flow present at the other prof1ler locations is weaker
at Reedley. even though it is closer to the Sierra foothills.

Wind data from Hollister (Fig. Sa), which was located
outside the San Joaquin Valley to the west of the crest of the
Coast Range, show the same general features as the stations
along the valley center. However, the daytime flow tends to
be more westerly than at stations within the San Joaquin
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V&lIey. Persistence values within the low-level nocturnal jet
ar Hollister show remarkably high values of greater than 95%
(FIg. Sb). Surface observations taken at Hollister show a
strong decoupling with the flow aloft, with the surface winds
being southwesterly during the night and southeasterly during
!he cay. while the profiler winds at 500 m MSL always have
a nonherly component.

3. TEMPERATURE PROFD..ES

Thermodynamic profIles were obtained on several days
Ul late August It the Raisin City profller site. Fig. 6 shows
a sequence of 5 temperarure profIles taken at approximately
one hour intervals during the morning and early afternoon of
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a weak change in thermal Stratification. The height of the
transition zone has a Strong diurnal variation. reaching a
maximum height of -3.0 km at midnight, and a minimum
height of -l.S Ian at mid-day. This cycle may possibly be
attributed to the effect of large·scale convergence and
divergence occurring across California resulting from
thermally driven onshore (upslope) and offshore (downslope)
flows interacting with ambient nonhwesterly flow. The
profller data also show the frequent development of a
mesoscale vona along the east side of the San Joaquin
Valley. Spectra of the profl1er winds show a strong diurnal
peak, a ·2!3 slope consistent with stratified two-dimensional
turbulence and saturated gravity·waves, and an increase in
energy It high frequencies possibly due to the effectS of fully
three-dimensional turbulence.
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4. SUMMARY

Wind profUer data have been analyzed for the month
of August, 1990. at 7 sites in central California. These data
indicate that a nocturnal northwesterly low.level jet is an
ubiquitous feature throughout the region. reaching maximum
speeds of -10 m S·I at a height of -500 m near midnight.
Winds within the jet show very little variability, with
persistence values higher than 95%. In the daytime convective
boundary layer winds are weaker and more westerly. flo.....ing
towards the heated slopes of the Sierra Nevadas. and show
greater variability. Above. the winds back to southerly flow
in a very narrow transition zone that is associated with only
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I. Introduction

Over the past decade numerous air quality research field
programs have made use of upper-air sounding systems
including Doppler sodars, radar and optically traeked balloons,
and tethered-balloon systems. Unfortunately, Doppler sodars
have limited range, usually about 500 m, and provide only a
qualitative picture of the stability strUcture in the boundary
layer. Free sondes provide snapshots of wind, stability, and
humidity but are limited by cost and their labor-intensive
operation. Tethered-balloon systems have been extensively
used in shon-term field programs but are labor intensive, often
restricted in their usefulness in urban areas by stringent rules
necessary for aircraft safety, and unable to operate in winds
greater than 10 ms· l

• On the other hand, new remote sensing
technology such as radar wind profilers that operate in the 400
MHz range and infrared Doppler lidar systems, useful as they
are for research programs, are limitedby their cost forwidescale
deployment. In addition, lower frequency wind profilers cannot
profile closer to the surface than 300 to 400 m. Fonunately,
however, Ec.kIund et al. (1988, 1990) have developed a new
low-cost 915 MHz wind profiler designed to continuously
profile the lower atmosphere with high resolution. In addition,
it has opened up the possibility for simultaneous wind and
temperature profiles in the lowest kilometer, a region of great
imponance to air quality monitoring and research.

During 1990 the Wave Propagation Laboratory (WPL) and
Aeronomy Laboratory (AL) of the National Oceanic and
Atmospheric Administration joined in the evaluation of the
performance of the new 915 MHz profiler in four major air
quality studies. Each of the studies represented a vastly dif
ferent operating environment for the profilers, ranging from
wintenime operations in the Grand Canyon of the Colorado
(three profilers), to the summenime Pacific coast marine
environment (seven profilers), to the humid southeast (one
profiler). and finally to the wintenime Colorado Front Range
(six profilers).

The profilers used in these studies were copies of the pro
totype described by Ecklund et al. (1988) but used more rugged
construction techniques and computer system for remote,
unattended sites. This PC-based radar system was typically
installed in a few hours by a two-person aew. 1bree fixed
pointing microstrip antennaS were used: a vertical mode with
a 2 m2 (lx2 m) antenna and two oblique 3 m2 (1x3 m) antennas
inclined 15° from the horizontal. Hourly averaged winds were
produced using twO sounding modes, a shon-pulse (60-100 m),
short-range (1-2 kIn) mode and a long-pulse (200-400 m),
long-range mode (2-4 kIn). In the course of the 1990 experi
ments a number of improvements were made to the system
including greater transmined power, the addition of clutter
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screens, real-time display of wind speed and direction,
telephone-line transmission to a central data bub, and the
capability tom~winds beginning 100m from the surface.
Figure 1 shows a typical installation with radar, monostatic
soder, and meteorological tower (near Hollister, California).

2. Demonstration Experiments

GrtuUlCIl1IJO" VisibiJit] ShUly

In the tim extensive deployment, three systems were used
to study circulation panerns affecting visibility in the Grand
Canyon during January, February, and March 1990. One wind
profiler operated near Page, Arizona, to characterize transport
from the Navajo Generating Station; one, southwest ofPage in
the vicinity of the Painted Desert; and, a third, in the bonom of
the Grand Canyon at Phantom Ranch. All three systems
operated throughout the study period with a very low failure
me; maximum altitudes for wind measurements varied from 1
Ian under dry, very stable conditions to 4 Ian in situations of
moist advection from the southwest. Optically tracked balloon
soundings from Page and tethered-balloon soundings from
Phantom Ranch provided comparison data for protiler evalu
ation (Wolfe et al.,1991). In general, data from Page compared
well whereas profiler data within the Grand Canyon were
occasionally contaminated by scanering from terrain.

RurtJ1 OZOIU in the Southe,." E"wonmenl (ROSE 1)

In I study in rural Alabama during June and July 1990, a
single 915 MHz profiler and minisodar were conOCated with a
comprehensive air chemistry program designed by NOAA's
Aeronomy Laboratory to study the role of biogenic emissions
in rural ozone formation. The profiler was operated in a
single-axis mode fonowing damage from a nearby lighming
strike early in the experiment; however, this operation did
produce a unique and nearly continuous time series (I-min
averages) of vertical velocities and radar reflectivity from
which the evolution of the atmospheric boundary layer will be
studied (White et al., 1991).

SIl1I JOlUJu;" VDlky ShUlies

Shon-term observations uken in the San Joaquin Valley
over the last decade have suggested a number of complex
meteorological phenomena including low-level jets, mesoscale
horizontal eddies, mountain-plain circulations, as well as a
strong diurnal cycle ofcoupling and decoupling ofatmospheric
layers within the tim one or two kilometers of the atmosphere
above the valley (e.g. Blumenthal etal., 1985). Inordertostudy
these circulations in detail and understand and model their
impact on pollutant transport and transformation, the San
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Flrurt 1. Typical 915-MHz radar wind profiler located at the
HollIster California airpon. lbis system was collocated with
a monostatic sodar (left) and a surface weather station (right).

Joaquin Valley Air Quality Study (SJVAQS) and the Atmo
spheric Utilities Signatures, Predictions, and EXperiments
(AUSPEX) field programs provided for one of the most
extensive deployments of the 915 MHz wind profilers to date.
In these STUdies, seven profilers were deployed during July and
August 1990 (Fig. 2): two to observ~ marine air penetration
over the coastal mountains (Hollister and Carrizo Plains); four
along the axis of the valley to observe the southward transpon
of air masses originating in the San Francisco Bay area (Mo
desto, EJ Nido, Raisin City, and Corcoran); and one on the
northeastern side of the valley near the foothills of the Siena
!"evada to observe the fOImarion of a region of recirculation
called the Fresno Eddy (Reedley). A sonic anemometer was
collocated at the Raisin City radar site to measure surface hear
and momentum fluxes together with a high-resolution mono
static sodar to observe shallow mixing layers and the initial
growth of the convective boundary layer. Because analyses
from the Grand Canyon STUdy indicated some contamination
from ground cluner, cluner screens (seen in Fig. 1) were
designed and deployed at all the profiler sites in this STUdy and
proved to be highly effective (Russell and Jordan, 1991).

Fro", Ra"g~Air QIUJlily Studies

Six profilers are currently being deployed along the Col
orado Front Range to provide meteorological input for a
detailed model validation STUdy [for the U.S. Department of
Energy (DOE) Rocky Flats facility], to STUdy large-scale
drainage winds [for the DOE Atmospheric Studies in Complex
Terrain (ASCOT) program], and to provide a bener under
standing of the atmospheric circulations responsible for the
Denver brown cloud. The profilers in this experiment are being
deployed at a variety ofsites including one ncar the Continental
Divide; one, near the Rocky Flats facility; two, southwest and
northeast of Denver along the South Plane River; and two, on
a north-south line east of Denver. Two of the profilers will be
equipped with Radio Acoustic Sounding Systems CRASS) to
provide continuous temperature measurements. Severe envi·
ronmental conditions are expected at a number of these sites
including Strong downslope winds, extreme cold, and heavy
upslope snowfall.
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Figure 2. Location of 915-MHz wind profilers in the San Joa
quin Valley and coastal areas during July and August 1990.
Terrain contour interval is 250 m.

3. Observations During the SJVAQS/AUSPEX
Srudy -- Examples

The Low-uvdJet

During typical summertime conditions in the San Joaquin
valley, anorthwesterly low-level wind has been observed along
the axis of the valley. Figure 3 shows a high-resolution (58 m
pulse width) wind profiling radar view ofthis flow on 12 August
1990 at El Nido, a mid-valley site. By 2300 PDT, 12 August
1990, the wind speed maximum has reached 7.5 ms'! It 400 m
in this figure. Evident also is the diurnal variation in depth of
the strong scanering layer: because ofthe low average scanered
power associated with the 58 m pulse-length mode, its ability
to retrieve boundary layer winds is sensitive to boundary layer
refractive index gradients, particularly those arising from water
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Figure 3, 58-m resolution profiler winds at El Nido, Califonria
on 12 August 1990.



vapor variations. Because Ihe low-level jet may be associated
with the inflow of moist marine air from Ihe Pacific Ocean
through San francisco. the pme:m of scanering in the figure is
consistent with the nighttime arrival of moist air. 10 which the
radar is more sensitive. This can also be seen in the wind
panerns from 406 m pulse length data on 12 and 13 August
1990 (Fig. 4) wb~ southerly 10 southweSterly winds overlie
the northweSterly inflow into the San Joaquin Valley through
EI Nado. This figure also indicates regularity of this diurnal
panem as the northwesterly winds begin in lae afternoon.
Ulcrease during the midnight hours. and decrease in the early
morning.

Tile Fre,nD EM,

The diurnal panern of winds associated with the Fresno
Eddy can also be seen in Ihe profiler winds measured a Reedley
during 12 and 13 August 1990 (Fig. S). These observations
reveal a southeasterly wind developing after midnight each
night. These winds. reaching over a kilometer in depth. run
parallel to the Sierra Nevada. During the five~y period
beginning on 12 August. the eddy became progressively
weaker. On the morning of IS August, northwesterly winds
prevailed throughout the region and no eddy developed. As the

Figure 4. Diurnal variation of winds in the center of the San Joaquin Valley on 12 and 13 August
)990 using 4~m resolution profiler winds. Heavy dashed line marks the upper boundary of the
north-to-northwest winds.

7005

figure S. Winds a Reedley. California on 12 and 13 August 1990 using 406-m resolution profiler
winds. Heavy dashed line indicaes the upper boundary of the southweasterly winds associated
with the Fresno Eddy.
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Figure 6. Wind profi]er data from Holister, California on 4 and 5 August 1990.

analysIS of these data proceeds, use will be made of a large
vanery of supporting data including surface pressure gradient
measurements, Doppler sodar winds obtained at the base of the
foothills ofth~ S~e~ Nev~, and tethered-balloon soundings
taken 111 the King s River airshed, a 3500 km2 drainage area east
of Fresno. California.

CDtUuaJ Circillations

A 915 MHz wind profiler at Hollister, California provided
a measurement ofwinds between the Pacific Ocean and the 500
m to 1000 m high coastal mountains. Observations on 4 and 5
August ]990 (Fig. 6) reveal the afternoon westerly to nonh
westerly seabre~ze und~rlying persistent upper level southerly
wI1lds. These ~11l~begin. around noon and end about midnight.
There IS an I1ldiCatlOn during the night of4·5 August that winds
at 1000 m ASL rowe inertially as the seabree~ diminishes
after mIdnight. Low-level winds from the south in the early
monung penod may reflect drainage along the San Benito River
alIshed.

4. Summary

Ponable 915 MHz radar wind profilers have now demon
straled their effectiveness in a broad range of experiments
f~sedon ~esoscaleair quality problems. lbey have obWned
high-resolunon data starting at 100m AGL within the boundary
la~er as well as providing couser resolution wind profiles to
heIghts of 3 to 4 km. lbey have shown their ability to operate
unanended for prolonged periods. A number of improvements
are planned in upcoming experiments including the addition of
temperanue profiling CRASS) and increased antenna size and
transmined power.
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MEMORANDUM 'OFt

~M:

IUIJICT:

WInd proftl. rUI" IfI d..ICIMd to preMd, wind .,.... and dllIetlon u • funetfon of
altttud•• They CII\ ....... U lit IcIJunet to I wlIet'/ offuMUo~.IntI&Mlna WM1htr prtdIotIen, II'
~"utI0" ,.••areh and IMtI Mltth., Wltl"'IQI. ~...h wIt1d ptOtII,,, OM ,",. c* I
wt~. rang. 01 frt~UI"c'", many crt.,. mort 11I'ttf.' .plleltlcm. flquI,. hqutft.... '" thtl 100- I
eoo MHz rane" It II explot.~ that I~ Gc~..mm."t IndnQt\~1tItItI•• WI uti .".
technology.

Ta dati. the rNJortty 01 wIItd pfOfIlir ...\1.... hll bien authortzed to op" M ..,

axptrlmentar ball, Oft tht freq\ltl'lO';' «J4.3? MHz. 1"'01 the.. rid... I'OInt \ltrtlClI'Y•• "INI'
of both naUonai Ind lntemaUor\1I ;I'OUpl ~1IS1 ')lpN"Iad cl'anClml • M polomlll Inttrft",n~'0 th,COSMS/8AASA1 ...ID\t UltUnk frI~uanay In the _enet a alJ MHI. e...,taI cJIIIII"
and o5'Mtiontt .~et",.~ ~M~ been ,rr",1o'/Ud to add,... tht. OOttMrn. IneIUdlri, I flatu,.
to lutomaijcatty Ifthlblt WInd IWm., trarllmil.lorl' dJ.arln. 1ft awrhlld ,aI' of the Cc>8FN
If1d/ot IAt'SAT tyatiM. 'Not\ltit.' 1!\ ... UJI. u,lII haw b••" 1....1tIPOrtItd Oil•• of
lntlri.....net ".uttlng iram *1ftfI ,,,aftl Ullft§ thI. fellbn. thtlaf&rt. the ~ratIotIcut of I ~r
l,flty-cf·Uf. IIMOI would be pl••:1 at rII,k Hd""Jo~,rntnt WItt to continue It ~.11 "'Hz.

NTIA .Wdfld tt\tM oandlcla1, l:tand.~1e·aa' MHz. 4OOJ•• MH&. Met 4n4C) MHz)
to h.t~ dltlrtnlnt Whfre Irt the 1».00 MHa ftt~lI.nov tan,1 .". wind ,,,,ller O"III"ONI eould
bt tocotntftOdttact. 'Th. ti.",rtt If thil .t\l(~ tlUC DOo. ...../t t Indfoate 'hit th... II ~I tlngr.
treQ"'lnoy CUfln~ avanabJ, on II ",mary IN.II. tel both ClMrnm,nt Ind non·ClMmmert ute"
.tld•••••uR, lddftlonlr ."..ctrlJI'n 'h&l'In; wtth eurfMt utili of thI band. and I ChI~P to
the IJdttl"CI Natlona' tabl. of Jfr8Ql*'1'I ~~MUon... *,ulrtd.

Thl atudy 01 thf .,...U Mfofz blind OOf\tiudlct the f.lnay 111 MHZ ~¥l.th In
authorittd ~andwldth I... 1han Of' .quI,1 to I MHZ) could loeommoda'i wind profile' Rldaraln
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t ·'I~/U/t1 11:01 "301 420 OIU ····-M:~~~~~:SD ...._....~
nEe 11 '91 eatSfaOM H'tIFVCSMISFV' • 01"01

10m. gto;raphlo looattonl. aubJe,:l11O IUCCMIfuI eoordinlVonwith llUtP\orIZId "'III attN b.,d
Ind conald,,,Uoft Gf ItdJlOtnt TV brDldcal1 l)per•.tIona.

.
The N1IA atlJcfy ooncluded that thl tOO.,I-408 MH& bltld fer Iong-tanft wind ._.,

o~lfItto".l.not tUMull, Ilnci It WI,uId PS'••I'." unIOClpta~'.rille of Intllft,.t\OI tV the ,aatety·
o'4If. eoSFAS/lAAIAT l.telUtl tr-11.m. If... of \hit 'UVtat, ,the atudy NtO~'I" that
IXIIUno ""I""".ma of win.. ~fOlIU.; lUana 111 the 400.1So4OI MHz bind Ihould bl ph•••td out.

Ttl. NTlA Itudy oonotucted 1:hat hi "10,t~,. baNI far pe,manent aeeemmctdl"o"
of Yt1nd pdt' radars ftttIotwitdt It 440~O MHI and IdIMtftId two .ndldatt hqUlnoIel1 (~1

MHz and 448 MHz tor Wind ~., o,lfttlOnl)t NOh Of wNeh hat ~rtIIn advantlO'•• Ind
cn.advant.-ot.. .

, cuntntly. thl 44C...eo MIollbqUIl1G)' band It on.·v.ltd eftht oNv bind HIow tQ)o MHI
0••••~IO MHI) uooat,d on • ):JtttftIrY i,.11 '" the ca...",,,,.nt tnllttAryradloJ~ 1&1IMoI.

It II u.1d for , I\umb.t of rftIJor Mtntary Itftt~b..td. ~bOM't and lJrbom.aya-.. OIttIOII to
!hi natiOnal d.f."... 1'1\111 'vlto",a J)trfmtn t..Ir\atsOt\l tuef\ .. th. IarIy WIMIng of bllUMle
mtllUI &ttl. on tht Uhltad l1attlll"d lellil ta"Ol ••110I\ and ttaetc of potIfttIII hodalkerlft.
Ttll blftct 11.1' lIIooltld em a••oDnd"~ ltUil to the *"'*" ..... 1b aooomtnodltl
GMt~m.nt non-Military wind p~~lr Ult II, • changl to the Natlonl' Tlbfa of ',.tqVtncy
AnoettiOf\l wouid be "Ie••,ary.

•
lubtequlnt to the co,"plltlon cf 'the N'nA ~Y. rnea."'rtP!'I" .... condllotld to

dltlnnln' th. linJ,act of Yartoua ""011'" to thi *lnd I'1OfU1t hm ."..,ltatMt radIII
OpeNU"" In the .10-410 MWz blJ,d. The ftlUn.. of the ",.uurtmlnlllt'tdloltld thId 'lOW duty
cyoI'l'I~ar I'gnlll proctuctd no .~.,.,\t degrada~on to Wlftd ,raft,., ,ltfOrmanCl.

Of the tNt. 0 candtdat. blind. ltveOed. the,. II no .'rntnt emana iht 'If." 11'I
HlICtI"g • frtqu.no'i fot GM,~,.nt wtl'~ ISfOftllt operatioN, Pot 'JCamplt. thl DOO ,agIMel••
oppo.. oonlldtrt"l tile 4a~GO Mi1a bllr\d tlf\l:1 It It the anly 10 MHz of oontiguDUI h"tarum
bIkfN 1~Hz that can be u••d fot futLmlltdiolOCl1lon opttaUo".. Th. Cellt Guard Oppel••
the ut, f:tf the ~.te~ MH!o bMd tot 'AVtd "eftlo, o,ltttlen* btelUl.1t~ MUilt hlflftftJl
IntIrl'ttrtCi to thlllfety-ot·IIf4. cc.JI....a/W~lA1 tvltltft; ~ the .,.... MHJ baI~. lome
loenel•• h.....Ualilnt.d tht bind b. If~ rftoN fMrIbft eontJdlratloft for _I tttm wht
,ref"" operatlOnA. HowMr, ON coo 1'1t'\CY 0.... oeftlldtrtne thIa bind ...,al ttltetlnl
the f1'tqlel."CY ii' t.1HI h••• problbfUly '01 Int.rfarenee to one Of the mIIor DOD IYItItnI hI
cu",ntly op....tea 1ft tNt band. ~rtherl"CJ", to trant the rtqumlnt of pftmary ltatua for wlftd

~~

•
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proftl... optrdonl In thli band WQIJld ~. dlMcuIll .,. to "Am whlOh ttat•• that no MW
I'Idlolocatfon Itdonl m_ b. &\Ithorlzlct liftl' JanUIIY 1, tHO. \.

, •••d on thllnfonMtIofll Mflabl•• tmAOOt'lcludlt ~at the frlQUINr ..MHz twhh '"
lIMoriZftCI bandwidth 'tIS Ulan 01~ IQUai tel • MHl) IpptIII to be tM moat IUltlbIa far wind
,roftl.r operation,.

1. NTlA~ ".,.,., authortztl IdcPttor. Oowrnmlnt wfM profHtt ,.datI nor cane:ut to
frt~.~ ut1lnmlntl fot naw no,,~~tnn'\.nt 'Ntnd proIRtt lIeflll that o~t. In the
400.1'~ MHz blt'd.

2. NTIA Win rMkt ad .&feting cnMm"~"t WInd JtOfU., MllInf'ftlfttlln tht 4OOJI-4OI MHa
band on ••"'bl' It'. 11113. a-=-ptlo". to ..,11 termtftatlon Yf1II ~ OOftIIdlMcj on •
cu• ..".... ball.

.
3. N11A whllUthorlle GMrM,.nt wine! pratllir oplratlant 1ft the traClutnCy "' MHI. A

footnote to IOOOrnpn." U\IIf II .. foI~:

QXXX. CkMmmlnt litHIc! ,",nlll' rlCSM~ b. luthOrtZld te "".. on
• ~rtmary b••,. tn thl ra(.lolot..~cft ..,vloe on \!'I hquenoy 441 MHz (wtth
an lUthotfled band'A4Ith fI.. than or ~u.f to I MHI) lubJe. to the
fotleMing condtUonl:·1:) _ I'nJftItt looItfon. MUll be".~ WIth
th, mlUtiry tIMet. tD I**t": tbcICS mNtaty riel.... I) WInd "raft",
oPlrttlon. wen ttoth. "0 _lOGon nm InMI1aIy mobl. 1ICf1a1ooatf0ft
ttatJan., and S) WInd ~o' .'l&tIarll WIll ttnWId. lMOIHtIon to rnDltary
mobU. radlalocatlori ."Itlont· thl~ .,.'.n;1I1d In orttfOll "1tJo"1I dlfenu
ap.ratlana. u'

4. t\'~A WUllmp'.",lnt ,plc:trum etar,d ItG. fot GMmmtnt Wind pl'Oftltr PI" oPtldng on
th, freq~ ..... MHt. Th••••fn.ld, Ihould ba dMto,ld bv thl 11C with 1ft

IfflctNt date of Janu.., '. 1114. .

5. ,,, .a~o".•~JtCt.·te. lUOCU.fu! .-In.lIon within h "'~uMO'J' AlolgnM,Plt
Subcommltt•• (fE'M). GlwtWftmtnt ,Mc:f J)roftl., tid." ." operitl on • fteHt'trfltl,.
bU" on th. frtQutMy 211 M"ll ~vtth M lU\hortJld 'Inc:twfdth I... than Of equal to 2
MHz). ' .0,.

:a
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By:

s. F. Clifford, Director
Wave Propagation Laboratory
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UNITED STATES DEPARTMENT OF COMMERC::
National Ocaanic and Atmospheric Administration
EnVII"lmmental Research Labcra:crles
325 BrOadway
Boulder, Celoraao 80303-3328

October 22, 1991 R/E/~';P

FROM:

St:BJEC':':

Richard Barth
Director, Radio Frequency Manage~ent Of=~ce

S. F. Clifford ~)-Uv-/f'-v'"
Director, Wave ~~agati~n Labora~ory

Request for systems Review for Stage J
Assignment

Based on your guidance, I have attached a systems review reouest
for the domestic-wide governmen~ use of a Stage 3 =requency
assignment at 915 MHz for the ~rlF wind profiler. During
extensive na~ionwide use of fixed and por~able wi~d Profilers
operating at 915 MHz over the past ten years there has not been a
single obse~led or reported inc~dent of harmful i~terference. !

Clearly, assignment compa~ibil~ty has been demons~=ated with all
other users.

With e~_~anced system development unde~vay, approval of this
re~~est in three to six months would be appropriate. When
approved the Stage 3 assignment will be for Mr. James R. Jordan
ac~ing as my agent for the Wave ?ropagation Laboratory. Mr.
Jordan now holds a domestic-wide Stage 2 frequency assignment at
915 MEz for government use with WPL wind and temperature
profilers.

If there are any questions about this request I may be reached on
F~S 320-6291. Thank you for your assistance with this request.

Attachments: Request for Syste~s Review for Stage 3
Frequency Assign~ent

cc:
R/E/WF7 - W. Neff
R/E/WP7 - J. Jordan
R/E/WP7 - D. Fritz
R/El - B. Trotter
R/El - T. Maraia

v Radian - R. Petersen



REQUEST FOR IRAC/SPECTRUM PLANNING SUBCOMMITTEE REVIEW
for Stage 3 Frequency Assignment for

Telecommunication Systems Intended to Provide
Radiolocation Service for

Wind and Temperature Profiling in the 890-942 MHz band
for the Federal Government

INTRODUCTION:

The Federal Government initiated a wind Profiler radar program in
1981 to experiment with and perfect lower atmosphere wind
profiling. The initial frequency request for one of three
freq~ency domains for anticipated weather-related wind Profiler
research was in the UHF range at 890-942 MHz. The frequency
range assigned in response to a Stage 2 request was at 915 MHz in
the ISM band. .

Extensive research experience witt both fixed and many portable
915 MHz wind ?rofilers, along w~~~ more recent temperature
prof~ling, deriving temperature from the velocity of an acoustic
sig~al, now warrants assignment of spectrum support at Stage 3
for developmental testing of proposed operational hardware and
potential equipment configurations.

Temperature profiling critical to ~eteorological applications in
the lower atmosphere using a Radio Acoustic Sounding System
(RASS) has a greater height range if the wind Profiler operates
at frequencies lower than 400 MHz. However, for the purpose of
this Stage 3 request, which will ~~tirnately lead to a Stage 4
request for government operational wind and temperature
profiling, frequency assignment at 915 MHz is proposed. The
unique, upwards propagation patter~ of the UHF wind Profiler
warrants this accomodation with preser.t government and non
government allocations to other ground-based users.

BASIS FOR REQUEST:

On July 17, 1979 the IRAC/SPS approved the experimental wind



Profiler radar operations (Stage 2) in the ISM band 902 to 928
MHz in or near Denver, Colorado. Initial on-air transmissions of
the 915 MHz wind Profiler constructed at Stapleton International
Airport occurred in July 1981. This wind Profiler has been
operating essentially continously since then.

During the late 1980's research was conducted on portable wind
Profilers. Extensive experience has been gained with these
systems operating singly as well as in networks, throughout the

continental u.S. land mass, with the exception of the far
northwest region of the country. Attachment 1 details the
locations where these portable systems have operated.

Throughout this extensive field observational program, and
including the fixed Profiler site at Denver's Stapleton Airport
operating with ten times the transmitted power as the portable
915 MHz wind Profiler systems, there has not been a single
observed or reported incident of harmful interference.

Beginning in 1987 experimental work was undertaken to explore the
usefulness of the wind Profiler in conjunction with an
independent, vertically propagating acoustic source (RASS), to
profile lower atmosphere temperature. This work has been
successful and high resolution temperature profiles can be
regularly obtained up to heights of 1-1.5 km with the first
temperature measured as low as 90m above the ground using the 915
MHz wind Profi~er.

On December 29, 1989 a domestic wide allocation for portable wind
Profiler systems was granted to NOAA's Wave Propagation
Laboratory. Since then a growing observational demand has been
serviced by networks of wind Profilers to observe lower
atmosphere wind fields for air quality purposes, including visual
obscuration source problems such as in the Grand Canyon (see
attachment).

A presently untapped application of UHF wind Profilers is in
support of public safety in the airport environment. Aircraft
operations for commercial and heavy general aviation are at risk
relative to wind shear and turbulence. Networks of wind and
temperature Profilers could provide local, forecasters with high
resolution, frequent observations of wind and temperature which
would greatly improve nowcasting for meteorological conditions
conducive to dangerous wind phenomena in the airport environment.
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TRANSMITTER EQUIPMENT CHARACTERISTICS

I. S.....,CI."" ..,""., N•• I.. ... ... ,,,,.cn...,. N_.
Boundary Layer Profiler
Transmitter

z. S.II... S_OftCI.N'. J. Tra....,u.' Typ.

pulsed Doppler
•. T""'ft' II ..... 5. ".&11.0 .f TlIft.a.

915 MHz fixed
•. IlF O ....I.a, c.,"diry 7. r .t'q ....... , ~..nalll\·

+ 10ppm-
•• Enll ..."n OnI,""UN\l1 t. Ea·rc·" 8"1~tr

6MOOPON
or ns pUlse

o C&lnl.... ~~......"
10. Fill..' """,", -W8 1.4 MHz

OL•• , ... -20 d8 40 MHz

o Hi til Pa.. -40 d8
200 MHz

08MdP",. -60 d8 N/A

J:!lN....
Oce",...d a.,u'.i ..dl ;OOD)

11. ........_ 811 II ••• n. ...•••• - ....dro...UOII F'.~"CY

-
lJ. P•• f.'n.... ". D.......on Il.uo

Oy.. OSO

15. 1' •••, 16. P .. i •• c.",ctt'n.uu
,

40,000 to 10,000I (.1 C.m., (al lIal.

(~) ........ (~) W. lilt! 400-2800 ns
(el Puir E/lui.,. 500 watts (el lit. ae fl•• 50 n!l

17. o.. Ip'" On,Ct' (.. ) F &ll &i•• 50 os
solid state (.1 C_'r.........0

10

1•. Sfl ........ L•••• 1'. H.lIIIon,e L....,

<-30 db (., 2Dd -20 db

<-30 db20. FCC Typ•.~CU'.MceH. (~I )rd .
leI Odl., none

11. ~"'.,..;..... • measured for 700 ns pUlse width.• ~l.SSl.on

16. a2 Inter-pulse period is detectable from 25 ns
up in 5 ns increments but 25,50, and 100 microseconds
are commonly used.

b) One of four pulse widths is selectable. Current
available pUlse widths are 400, 700, 1400, and 2800 n i.

e) Pulse compression is not currently used, but is
planned for future implementation.
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RECEIVER EQUIPMENT CHARACTERISTICS

1. 1oo",.. ftC 1.,.,,, lIocI.. t N....... 1••.lIe•• IIICI .............

Boundary Layer Profiler
Receiver

2. $.11_ I'IO'UClal.,. J. Rtctl_ Ty..

Heterodyne
•• T.1I1.C 1I••c" 5. MacMdol T"'II

915 MHz fixed
6. RF Cb...h.1 C.....II", 7. F~..., St.llIlu,

915 HHz - 10 pp
i Em"",", Onl.lI~""\l1 •• I' S.IIClI• .,

6MOOPON *Calnlatell =.........
10. IF SalK'll"'''' Cil-HI 33 MHz

C.I-3 .. 10 11Hz ~)-20"
40 MHz

('II) -20 ~B 27 HHz ee) -60 dB 16 MHz
Cc) -60 dB 42 J·jHz C~l T,.. 01 ,....IKl_ "M

none

11. 11181,,,,,, ill R.'t N/A 12. 1Au,••• Po.: OottICl.oa Freq...an

2.5 x }:Hz
13. O_..p". .... Au,i.lIl.. ,.. 11.11••• Post u.r..:t••• ' .......lI:y

=Vu ="0
15. iF Ft~."'t'f 60 Hliz 16. _IU"""

-140 dE''''..
C.l dB",

17. OSCIII.'O' T.... -15 db SNR('III Cmtnl
"110". t.... 1rt1llltrcy --
a. low '.11" l,.q...1lt'f ~

I,' , ..,...,. ,·t"~·.:..,..·u~r .. , ....., t1curr
E'lh...lIou 01 IItiow - 2t.a" l..q...rcy - "hili rlK

lL SP.'"O.S R.. ,K1IOft 19. I...C" RtIK:".

45 db 45 db
2C. R••••Il.

12. Post detection bandwidth is selectable for
four pulse widths. The maxi.:num post detection
frequency is determined by the Matched tilter
for the 400 ns pUlse width.



s

... .10-15 _.. -
• __ .tIIA It '" S l)f."'.'~"'T 0' ~.lY·"I.:1.u ...... eo••,., .... .,..' ...~.~ ...........

0." ...,_ ... " ..oy,'t~... .

ANTENNA EQUIPlAENT CHARACTERISTICS

I. "-I••'......1N.... II. u.....,.tC"tu,,'" .. ~...-,

Boundary Layer Profiler
Anterma

1.Sr-"~1._ 3. T,~ micro strip phased arr
1 x ~ meters.. ,......-, .....

11Hz J. "-I.,Ut.. ti 110 ver ca
"G.-

7. Sc.. c___,_1ft

C.)"J. Ie_ 26 db f.) T". fixed pointing angll

n.IS._1.* 13 @ 15° ~) Yfttlc.l Se.

m..&. II....

m... I .....

........... alSea....

1.) ........1
20()

(e) "--.1 Se.

6°
A1)V.,uul (1) s.cr. Se.....

mSc•••

,.......
;. Three se"Oarate antennas are used for wind
profiling. Two antennas pointing 15 degrees from
the vertical aimed in orthogonal azimuths and one
point~ng vertically. Antennas are built trom
1 meter square panels into various configurations.
The orthogonal antennas currently in use are ; by 1
meters giving a 6 by 20 degree beamwidth. The
vertical antenna is either 1 by 2 meters for a
20 by 10 degree beamwidth or 2 by 2 meters
resulting in a 10 by 10 degree beamwidth. An
electrically steerable phased array is under devel-
opment that will be ; by ; meters with a circular
bea:nwidth of 6 degrees.

6. Gain and side lobe ~ levels is given for a
2 by 2 meter antenna. Ground clutter fences are
used to block ant side love energy to 20 degree
above the horizon.
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UHF PROFILER FIELD OBSERVATIONS
Conducted by or in Collaboration With

The Wave Propagation Laboratory

Lake Erie, New York

Grand Canyon
SALT River Program

Pt. Barrow, Alaska

Ft. Huachuca, New Mexico
Aerostat site

Single instrument
Jan. - Mar. 1990

3 Profilers
Jan. - Mar. 1990

Single instrument
March 1990

Single instrument
sept.-Oct, 1990

Lake effect storms

Obscuration source
study

Arctic Leads expo

Met. support for
launch/recovery

Carpenter, Wyoming Single instrument Boundary layer
Sept.-Oct. 1990 research

Alabama

San Joaquin Valley

Northwest of Denver

Deadhorse, Alaska

Lake Michigan

Boston, Mass.
Cape Race, Newfoundland

San Joaquin Valley

Single instrument
June-August 1990

7 instruments
July-August 1990

6 Profilers
Jan. - Apr. 1991

Single instr.
April 1991

7 Profilers
June-Aug. 1991

2 Profilers
June-Sept 1991

8 Profilers
May-October 1991

Rural Ozone

Ozone/air flow

Front Range air
quality study

Arctic Leads expo

Lake Michigan Ozone
Study

North Atlantic
Regional experiment

California Transport
Study
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By:
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National Oceanic and Atmospheric Administration,
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Wind Profilers: Applications
and Characteristics
In our second "insider's look" at wind profiler radars, we'll
examine the functions and characteristics of the high-tech
forecasting tools that will soon share the band at 449 MHz.
By Daniel C. Law

Natlona' OCeanic and Atmospheric Admlnl.trallon
Forecast Sy.tem, L.8bOratory
Boulder, CO 80303

"

Fig 1-A. part Of NOM'. Wind Profller o.monllrallon ProJ.cl, the.e .Itel h011
oper.tional wll'ld prolll.r radar•. When completed, 30 .It" will be on-line.

I
n 19B5, the Environmental Research
Laboratories of the National Oceanic
and Almospherk Administration in.

itiatrd the Wind Froriler Demon~tration

Proj~ct, a plan to install and operate II net·
work or 30 wind profilers in the central US.
The purpose of the project is to assess the
impact of commercially produced wind
profilers on National Weather Servl~ oper
ations. The Installation of the profilers at
the lites Ihown in Fig J Is now complete.

l>eveJoprnen1 and Applications
Wind profilc:rs IIrc vertically directed

Doppler radars that trace their Iineast to
Ionospheric and meteoroloiic research
radars. As these radars became mOre
sophisticated, operators beaan aetllna
radar reOectlons Irom rClions lacking
known "scatterers" such as water, ice,
birds and Insects. There: was a lot of IpeCU·
lation as to the source of these llphdes" or
"Ihosts," and it was soon verified that
radars of sufficient iensitivity could detect
backscattered signals Crom irregularities
produced by variations in air temperature
and humidity, For this reason, profilc:rli are
oIten referred to as "clear-air" Doppler
radars.

NOAA's Demonstration Network pro
filers operate with an experimental authorl
Jation at 404.n MHz (74.1 em) In the
M4!!teorological Aid" band. This frequen
cy was selected as a compromise between
l'Onsidl'rlllions surh as altitude coverage,
antenna $ize, lIystem cosu Dnd bandwidth

•• 05T..

availability. The National Teleeommunica
tiolls and Information Administration
(NTIA) has recenrly ruled that future
profilers will operate at 449 MHz Illd that
prescnt experimental operations will be
phased out.

Data from each prorller il .ent evr:ry .ix

minutes to a computer In the Proriler Con
trol Center in Boulder. Colorado. Houri)'
wind meUurement. are Icnt in near real·
time to the National Weather Service: .'ore·
teat Offices. In addition, the data II used
in numerical modeJs where It 11 combined
with data from balloon, .atellite and air·
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